Take-home message: Proactive palliative care involvement on ICU rounds for highrisk patients to prompt ICU physicians' attention to palliative care needs and nudge them to better address these needs was associated with more and earlier ICU family meetings and shorter hospital LOS. We did not identify differences in family satisfaction, family psychological symptoms, or family-rated quality of dying, but had limited power to detect such differences. Abstract Purpose: To evaluate the effects of a palliative care intervention on clinical and family outcomes, and palliative care processes. Methods: Prospective, before-and-after interventional study enrolling patients with high risk of mortality, morbidity, or unmet palliative care needs in a 24-bed academic intensive care unit (ICU). The intervention involved a palliative care clinician interacting with the ICU physicians on daily rounds for high-risk patients. Results: One hundred patients were enrolled in the usual care phase, and 103 patients were enrolled during the intervention phase. The adjusted likelihood of a family meeting in ICU was 63 % higher (RR 1.63, 95 % CI 1.14-2.07, p = 0.01), and time to family meeting was 41 % shorter (95 % CI 52-28 % shorter, p \ 0.001). Adjusted ICU length of stay (LOS) was not significantly different between the two groups (6 % shorter, 95 % CI 16 % shorter to 4 % longer, p = 0.22). Among those who died in the hospital, ICU LOS was 19 % shorter in the intervention (95 % CI 33-1% shorter, p = 0.043). Adjusted hospital LOS was 26 % shorter (95 % CI 31-20 % shorter, p \ 0.001) with the intervention. Post-traumatic stress disorder (PTSD) symptoms were present in 9.1 % of family respondents during the intervention versus 20.7 % prior to the intervention (p = 0.09). Mortality, family depressive symptoms, family satisfaction and quality of death and dying did not significantly differ between groups.
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Introduction
Twenty percent of deaths in the USA occur in an ICU or shortly after an ICU stay, and an increasing proportion of older Americans spend time in an ICU during the last month of life [1, 2] . Therapies in the ICU are often accompanied by burdensome symptoms, and among survivors recovery from critical illness is often incomplete [3] [4] [5] [6] [7] . In addition, the family members of ICU patients are at high risk of psychological impairments following their loved one's ICU stay [8] .
Guidelines recommend the incorporation of palliative care (PC) into ICU practice [9, 10] . Various strategies to improve the quality of PC in the ICU have been investigated in numerous studies, with mixed results based on patient and family outcomes [11, 12] . Many of these studies demonstrate that PC in the ICU has the potential to reduce ICU and hospital length of stay (LOS) and increase frequency or quality of communication in the ICU. Patients and families in the ICU have identified timely communication as an important part of high-quality care in the ICU [13] , and interdisciplinary family meetings held early during an ICU stay can shorten LOS [14, 15] . Despite evidence-driven recommendations, performance of this important process has been inconsistent [14, [16] [17] [18] . Studies examining triggered PC consultation for patients at high risk of morbidity or mortality have shown reductions in ICU and hospital LOS [19] [20] [21] and have demonstrated that such trigger criteria can dramatically increase PC consultation [22, 23] . Whether or not the use of such trigger criteria can alter the behavior of the ICU physicians with regard to communication with patients and families has not been studied.
The purpose of this study was to evaluate the effects of a novel proactive PC intervention aimed at improving the ICU physician team's attention to PC needs, rather than at increasing the utilization of PC consultants. We hypothesized that for ICU patients with a high risk of morbidity or mortality, proactive PC case review and participation in bedside ICU rounds by a PC provider would increase the frequency of documented interdisciplinary family meetings in the ICU, reduce ICU and hospital LOS, reduce the burden of symptoms experienced by families of patients, and increase the satisfaction with care in the ICU, thus potentially providing a less intensive and less costly alternative to interventions utilizing full PC consultations for such high-risk patients. Some data from this study were presented in a minisymposium at the International Conference of the America Thoracic Society, in the session ''High-Impact Trials in Critical Care'' on 19 May 2015 [24] .
Methods
Study design, population, and eligibility criteria
We conducted a prospective, before-and-after interventional study of patients admitted to the medical critical care service in a 24-bed ICU at a 566-bed academic medical center between June 2013 and June 2014. This time period included a 'usual care' phase and an intervention phase. During both phases, one of two investigators (WJE or TL) screened the ICU census on weekdays to identify patients with one or more of the prespecified clinical trigger criteria indicating high risk of mortality, morbidity, or unmet PC needs. These criteria, informed by a prior study [21] are listed in Table 1 . Patients awaiting solid organ transplantation were excluded from the study, given the unique aspects of decisionmaking in these patients [25] . The study protocol was determined to be exempt by the University of Wisconsin human subjects institutional review board. Table 1 Trigger criteria for patients at high risk of mortality or morbidity Metastatic or otherwise incurable malignancy Hospital length of stay of 10 days prior to transfer to the ICU Duration of ongoing invasive mechanical ventilation of 7 days or more ICU length of stay of 14 days or more Age 80 years old or older with 2 or more significant chronic diseases (e.g., chronic obstructive pulmonary disease requiring home oxygen therapy, chronic kidney disease requiring renal replacement therapy) Out-of-hospital or in-hospital cardiac arrest Cerebral hemorrhage requiring mechanical ventilation Admission to the ICU from a long-term acute care hospital (LTAC) Intervention A member of the hospital's PC consultation team (on most days a PC clinical nurse specialist (KFR), who has many years of experience in both hospice and PC practice, and on other days (less than 10 %), a palliative medicine fellow or faculty member) was relocated from the PC unit to the ICU. Every weekday morning the investigators (WJE or TL) informed the PC clinician about patients meeting trigger criteria. The PC clinician then reviewed the electronic medical record (EMR) of each of these patients and participated in interdisciplinary morning bedside ICU rounds with the critical care medicine team. On the first day that a patient was identified, the PC clinician informed the medical team that the patient met one or more of the trigger criteria, and which trigger criteria or criterion the patient met. On subsequent days, the PC clinician would make suggestions about addressing PC needs, as appropriate, including recommending that interdisciplinary family meetings be held in a timely fashion. The intervention was intended to prompt the critical care team to consider patients' and families' PC needs, an approach that has been effective at improving other aspects of evidence-based practice in the ICU [26] , and to a lesser extent to provide a 'nudge' to more effectively meet those needs [27] . PC consultation was not routinely provided, and the PC clinician neither interacted with patients or family members nor participated in interdisciplinary family meetings, unless formal PC consultation was requested by the medical team.
From June 2013 to January 2014 patients meeting trigger criteria were prospectively identified as described above, but the clinical treating team was not informed about this nor was the care received by these patients altered in any way. The intervention phase was implemented beginning in January 2014 and continued through June 2014.
Outcomes and data sources
The primary outcome was the proportion of patients for whom an interdisciplinary family meeting was documented while in the ICU. Additional outcomes of interest included time between ICU admission and the occurrence of an interdisciplinary family meeting, ICU and hospital LOS, ICU and in-hospital mortality, family satisfaction with care in the ICU, and the burden of psychological symptoms experienced by family members of those admitted to the ICU.
Data sources
Sociodemographic data including age, sex, self-identified race and ethnicity, and marital status, and clinical data including ICU and hospital LOS, discharge diagnoses, discharge destination, and occurrence of a PC consultation were captured from the EMR. Documentation of an interdisciplinary family meeting was determined by searching all clinical notes during the hospitalization. A family meeting was identified as any mention within the EMR of an instance of communication between the medical team and the patient and/or family outside of routine rounding, with the explicit purpose of sharing clinical information and eliciting patient and family input for the purpose of medical decision-making. For those patients discharged alive, vital status 3 months after discharge was ascertained using the EMR, obituary searches, and the social security death master file via a publicly available internet site [28] . Family members' satisfaction and psychological symptoms were assessed with three validated questionnaires. The Family Satisfaction in the Intensive Care Unit (FS-ICU) scale is a 24-item measure of satisfaction with overall care and decision-making in the ICU, as reflected on a 5-point Likert scale [29] . The Patient Health Questionnaire depression scale (PHQ-8) is an 8-item measure of the severity of depression symptoms, with the frequency of depression symptoms rated on a 0 (not at all) to 3 (nearly every day) scale, giving a total score range of 0-24 [30, 31] . The Post-Traumatic Stress Disorder (PTSD) Checklist-Civilian (PCL-C) is a 17-item self-report measure of PTSD symptoms experienced in the last month in response to a traumatic event (in this case, a loved one's ICU stay), with the severity rated from 1 (not at all bothersome) to 5 (extremely bothersome), giving a range of 17-85 [32] . All questionnaires were mailed to the EMR-specified family member or primary support person 6 weeks after the patient's discharge from the ICU. For those patients who died in the ICU, an additional single item was included in the mailed questionnaire, asking the family member to rate the overall quality of death and dying (QODD-1) on a 0-10 scale, with higher scores indicating better quality [33] .
Statistical analysis
Continuous variables were compared with Student's t test for those variables whose distribution approximated normal and with the Wilcoxon-Mann-Whitney test for LOS variables which were significantly skewed rightward. Binary and categorical variables were compared with the v 2 test. The occurrence of a documented family meeting during the ICU stay was modeled using multivariable logistic regression, adjusting for potential confounding by patient age, sex, race and ethnicity, the presence of metastatic or incurable cancer, multimorbidity with age over 80, admission from an LTAC, and death in the ICU. Odds ratios were converted to risk ratios (RR), since the outcome of interest did not satisfy the rare outcome assumption [34] . Time from ICU admission to the occurrence of a family meeting was modeled using multivariable Poisson regression, with the same potential confounders included in the model above. LOS outcomes were modeled using zero-truncated multivariable Poisson regression, given the distribution of these variables, adjusting for the same covariates as in family meeting models with the exception of death in the ICU.
Scores on items of the PHQ-8 were summed, with scores of 10-19 indicating significant depressive symptoms with scores of 20 or greater considered consistent with major depression [31] . Scores on the PCL-C were summed across items, and an algorithm consistent with the clinical diagnosis of PTSD was used to determine a positive test [35] [36] [37] . For family satisfaction, total and domain scores on the FS-ICU were transformed on a 0-100 scale, with higher scores indicating higher satisfaction [29] . Multivariable linear regression was used to evaluate for associations between the intervention and family satisfaction, family member rating of the overall quality of death and dying, and positive scores on PTSD and depression screens. These models included covariates for patient age, sex, and race, respondent sex, whether the patient and respondent were spouses, the presence of metastatic or incurable cancer, multimorbidity with age over 80, and the occurrence of death in the ICU.
Statistical analyses were carried out with STATA version 13, StataCorp, LP, College Station, Texas.
Results
We prospectively identified 100 patients meeting trigger criteria during the usual care phase and 103 patients during the intervention phase. While the mean age of patients during the intervention phase was 3.8 years older than those in the usual care phase, this difference was not statistically significant (Table 2 ). There were no significant differences in sex or race/ethnicity. A lower proportion of patients during the intervention met trigger criteria regarding ICU LOS greater than 14 days (1 vs 8 %, p = 0.02), but there were no other significant differences in trigger criteria between the groups.
Processes measures
Only 35 % of the subjects in the usual care period had documentation of an interdisciplinary family meeting during their ICU stay, and for those patients for whom such a meeting was documented, only 35 % of these meetings took place within the first 3 days in the ICU (Table 3) . In adjusted analysis, the intervention was associated with a 63 % higher likelihood of a documented family meeting occurring during the ICU stay [RR 1.63, 95 % confidence interval (CI) 1.14-2.07, p = 0.01]. The adjusted time between ICU admission and the occurrence of a family meeting in the ICU was 41 % shorter in the intervention period (95 % CI 52-28 % shorter, p \ 0.001).
The intervention was associated with a greater than threefold higher proportion of these documented meetings that included three or more disciplines (60 vs 17 % in the usual care group, p \ 0.001). Full PC consultation was ordered in less than one in five patients before or during the intervention, and this did not differ between the groups.
Outcome measures
After adjusting for potential confounders in multivariable regression models, ICU LOS was not significantly different between the two groups (estimated 6 % shorter in the intervention period, 95 % CI 16 % shorter to 4 % longer, p = 0.22; Fig. 1 ). Because earlier and improved communication might lead to earlier decisions to withdraw or limit life-sustaining therapy, we performed an exploratory analysis including only those individuals who died in the hospital; in this group the intervention was associated with a 19 % reduction in ICU LOS (95 % CI 33-1 % shorter, p = 0.043).
After adjusting for potential confounders, hospital LOS was significantly shorter in the intervention group, with an estimated 26 % shorter hospital LOS (95 % CI 31-20 % shorter, p \ 0.001). In exploratory analyses including only those individuals who died in the hospital, the intervention was associated with a 30 % reduction in hospital LOS (95 % CI 40-18 % shorter, p \ 0.001).
Because the proportion of patients who met the trigger criterion of ICU LOS of 14 days or more differed between the usual care and intervention groups, we performed sensitivity analyses using two different approaches. In the first approach, we ran LOS models counting ICU and hospital LOS after the date of trigger positivity for those patients whose sole trigger criterion was ICU LOS (Fig. 1) . In the second approach we added an indicator variable for the ICU LOS trigger criterion. There were no significant differences in the association between the intervention and reduced hospital LOS in these analyses.
ICU mortality was nearly identical between the two groups (27 % during the intervention versus 28 % in the usual care group), and in-hospital mortality was similar as well (Table 3 ). There were no significant differences in discharge destination among those discharged alive.
A family member returned a survey for 62 % of patients in the usual care group and 56 % of patients in the intervention group ( Table 2) . Because of missing responses, FS-ICU scores could not be calculated for one patient in each group, and PHQ-8 and PCL-C scores could not be calculated for three respondents in the usual care group and two individuals in the intervention groups. QODD-1 was answered for all but one of the 36 patients who died in the ICU and whose family member returned a survey. Total family satisfaction, satisfaction with the care their loved one received, and satisfaction with decision-making during the ICU stay were similar between the intervention and usual care groups (83.7 in usual care versus 81.7 in the intervention, p = 0.52). Depressive symptoms were common in family members following their loved one's ICU stay, reported in 26 % of respondents in the usual care and 22 % in the intervention period (p = 0.61). Total scores on the PTSD screening tool were similar between groups. Significant symptoms of PTSD were present in 20.7 % of respondents in the usual care group and 9.1 % of respondents during the intervention period (p = 0.09). There were no significant differences by intervention in family satisfaction scores, family member rating of the overall quality of death and dying, or the occurrence of depressive symptoms or PTSD symptoms in adjusted regression analyses (Fig. 2) .
Discussion
In this single-center before-and-after interventional study we found that straightforward trigger criteria leading to a simple intervention-a PC clinical nurse specialist interacting with the critical care team on rounds-was associated with earlier and more frequent interdisciplinary family meetings in the ICU. Family meeting incidence in the usual care and intervention groups both fell within the range of rates reported in the literature [15, 19] . Our trigger criteria were adapted from a trial reported by Norton et al., in which a triggered PC consultation was associated with a significant overall decrease in ICU LOS [21] . In contrast, our less intensive intervention was associated with an overall reduction in adjusted hospital but not ICU LOS. This discrepancy may be attributable to shorter baseline median ICU LOS in this study relative to the Norton study (5 vs 12 days). Interestingly, in exploratory analyses we observed significant reductions in both hospital and ICU LOS for those individuals in the intervention group who died in the hospital. A possible explanation for this observation is that more timely family meetings in the ICU led to earlier decisions about withholding or withdrawing lifesustaining treatment in patients who were unlikely to benefit from ongoing critical care therapies. Consistent with previous reports in the literature, family member symptoms of PTSD and depression were prevalent in both cohorts [38, 39] . We did not find improvement in the burden of depressive or PTSD symptoms experienced by families of patients, or any increase in the satisfaction with care in the ICU or quality of death and dying in the ICU. Our findings are consistent with the results of a recent multicenter trial of an intervention to improve end-of-life care in the ICU that found no significant change in family-reported outcomes [40] . It is notable that both trials' interventions targeted clinicians rather than patients or families, suggesting that the burden of symptoms suffered by families of ICU patients may be less affected by indirect interventions that do not directly modify communication. Direct interventions targeting improved prognostic awareness, symptom control, spiritual support, and better alignment of medical decisions with patient goals and preferences may be necessary to achieve measurable improvements in patient-and familyreported outcomes. For example, interventions to standardize the structure of family meetings to improve the quality of communication might be needed to improve these family-centered measures. Another possibility is that full PC consultation in high-risk patients, while more resource-intensive than the intervention studied here, might provide additional patient-and family-centered benefits and might have improved the outcomes measured in this study.
With only 61 surveys returned in the usual care group, and 57 in the intervention group, this study was The full model included the following potential confounders: patient age, sex, race and ethnicity, the presence of metastatic or incurable cancer, multimorbidity with age over 80, and admission from LTAC underpowered to detect change in these family-centered outcomes and was even more underpowered to assess for change in QODD1 given only 35 surveys from decedents' families. The baseline rates of family member PTSD and depression in this study (20.7 and 25.9 %) are lower than we hypothesized and quite a bit lower than levels seen in a positive interventional trial performed in France (69 and 56 %), though all of the patients in that study had died [39] . This lower prevalence of PTSD and depression contributed to reduced power to detect clinically significant changes in these outcomes from this intervention. Also, the use of self-administered surveys delivered by mail to assess family outcomes may result in a less representative sample through nonresponse bias and may limit the willingness of respondents to disclose sensitive information such as psychological symptoms [41] .
There are other important limitations of this study to consider. First, the short baseline ICU LOS in our study makes small yet clinically relevant differences in ICU LOS difficult to detect. This could be addressed in subsequent trials by excluding patients with short LOS. Second, the before-and-after interventional study does not benefit from the minimization of confounding that randomization would offer, and this design cannot control for temporal changes in ICU care that might affect outcomes such as LOS. Third, some family meetings likely went undetected because of lack of documentation, and it is possible that our study merely detected a change in documentation practices. Fourth, it is not known what aspect of the intervention may have been effective. For example, simply identifying high-risk patients through the use of trigger criteria and informing the ICU physicians about this identification may account for the findings observed in this study, independent of the presence of a clinical nurse specialist on rounds. Indeed, awareness of the ongoing study and of being observed may alone have altered ICU physicians' behavior regarding family meetings for high-risk patients. If this is the case, an even simpler and less costly intervention might have demonstrated similar effects. On the other hand, it may be that the presence of a PC specialist on morning rounds prompted greater consideration of patients' and families' PC needs and nudged critical care providers towards meeting those needs, beyond what the trigger criteria alone could have accomplished.
Conclusions
Proactive PC involvement on ICU rounds for high-risk patients to prompt ICU physician attention to PC needs and to nudge the ICU physicians to better address these needs was associated with more and earlier ICU family meetings and shorter hospital LOS. We did not identify differences in family satisfaction, family psychological symptoms, or family-rated quality of dying, but had limited power to detect such differences. Given the Fig. 2 Adjusted change in family satisfaction scores (by FS-ICU) (top) and adjusted change in family assessment of the quality of death and dying (QODD-1) (middle, in blue), using multivariable linear regression. Adjusted association between the intervention and psychological outcomes (bottom). All models were adjusted for patient age, sex, and race, respondent sex, whether the patient and respondent were spouses, the presence of metastatic or incurable cancer, multimorbidity with age over 80, and (except for the QODD-1 model) the occurrence of death in the ICU simplicity of the intervention studied and the potentially beneficial effects observed, further study of such an intervention is warranted. A future study of this intervention should be powered to detect meaningful changes in family outcomes and include a cost-effectiveness analysis of the intervention.
